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Morita, S., Goto, M. 
Ion temperature in LHD has been observed from ArXVII 
(3.95A.) and TiXXI (2.61 A.) using a crystal spectrometer in 
ECH, ICRF and NBI plasmas. Typical x-ray line spectra 
are shown in Fig.l. The narrowest spectrum is obtained 
from low-density ECH plasmas and the widest spectrum is 
obtained from NBI Ne-puffed plasmas. The ion 
temperature observed from the 5th experimental campaign 
ranges in 0.2<Ti<5.0keV at the plasma center. 
The ion temperature range in NBI plasmas could he 
extended for Ne discharges (see Fig.2 (a)), whereas it 
distributed near 2keV in H2 discharges. A pure Ne 
discharge (Zeff>9) was successfully obtained because main 
part of the Ne radiation could be excluded from the core 
plasma and emitted in the ergodic layer outside the core 
plasma, which characterizes the LHD. The global energy 
confinement was the same as the H2 and He discharges. 
Main reasons why the high-Ti range was extended are: 
1. Reduction of beam shine-though power in 20-30% due to 
the increment of ion-ion collision. 
2. Increment of Lei in roughly 3 times. 
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Fig.1 Doppler profiles of (a) TiXXI : 2.61 A. (ECH), (b) 
ArXVII: 3.95A. (ICRF) and (c) TiXXI (NBI) 
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3. The increment of P/ni in II times due to extremely 
decreased ion density (P/ni»Pe/ne, Pi<Pe). 
It was observed that the obtained Ti increases with increase 
in P/ni. 
The ion temperature increase was clearly observed in 
ICRF discharge with H minority and He majority (see Fig.2 
(b»). The bulk ions are heated through high-energy H+ ions 
accelerated up to 200-300keV (Ttai1(H+)=25-30keV). The 
deposition profile showed a broad qi(r) with a certain central 
deposition of qiCO)-1 Okw/m3 and a narrow qe(r) localized at 
p=0.5. The bulk ion heating power Pi is estimated to be 
approximately equal to the hulk electron heating power Pe. 
The obtained Ti was compared with ISS-95 scaling under 
assumption of Ti=Te. Almost all data from the ICRF 
discharges exceeded the scaling value, and those suggested 
an improvement of heating efficiency of roughly 60%. 
The increment of Ti was observed also in ECH 
discharges with on-axis heating (see Fig.2 (c)). The ion 
temperature is increasing continuously during the ECH 
pulse. The reason for the Ti increment is: 
1. Increment of the energy flow from electrons to ions due to 
the Te increase over a wide area of the main plasma. 
2. Increment of Pi from the NBI due to the Te increase. 
The Ti can not be increased by the Te increase only near the 
plasma center. 
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Fig.2 Ion temperature for different heating methods of (a) 
NBI (TiXXI), (b) ICRF (ArXVII) and ECH (ArXVII). 
